with their high triglyceride (TG) content and rapid turnover relative to the other serum lipoprotein fractions (1, 10) constitute a readily available circulating source of energy for the animal. A marked decrease in the circulating levels of VLDL has been found in rats exposed to cold for short and long periods of time (2 1 This study was undertaken to examine whether cold exposure does in fact alter the level of LPL activity in the tissues of the rat. Any alteration of activity of this enzyme in the cold-exposed animal should not only indicate whether uptake of VLDL is accelerated in the cold, but also reflect changes in the pattern of uptake of VLDL between various tissues. Two cold exposure periods of 1 and 28 days were examined in detail in order to delineate the effect of cold on enzyme activity in the nonacclimated (l-day exposure) and the cold-acclimated (28 days) rat. LPL activity was measured in postheparin plasma, and acetone-ether powders of epididymal fat, intcrscapular brown fat, heart, lung, and liver. The effect of insulin, norepinephrine, and triiodothyronine (T3) administration on the distribution of LPL in the rat was also examined.
METHODS

Animals.
Male
Wistar rats weighing 180-250 g were housed in individual wire mesh cages and fed rat laboratory chow ad libitum.
Control animals were housed at 24 C and cold-exposed groups at 4 C. (22) . The final assay medium which consisted of 1 ml of substrate preparation + 0.5 ml human serum was preincubated at 37 C for 30 min.
The enzyme extract was prepared by homogenizing 20-40 mg of acetone powder in 2.5 ml of 0.025 M NHdOH (pH 8.5) containing heparin (4 units/ml). An aliquot (0.5 ml) of the evenly suspended homogenate was added to the assay medium and incubated with continuous shaking at 37 C for 60 min. Aliquots (0.5 ml) of the enzyme assay mixture were removed at the beginning and end of the 60-min period for FFA analysis.
For the assay of plasma LPL, 0.2 ml of postheparin plasma was added to the substrate-serum mixture and incubation carried out for a 30-min period at 37 C. FFA were assayed (7) using 2 N HZSOA in the extraction mixture, tetra-n-butylammonium hydroxide as the alkali in the titration (1 l), and phenol red as the indicator. Protein deterrninations were carried out on the original tissue homogenates (13). The rate of FFA release was linear in the assay systems for LPL and LPL activity is expressed as the micromoles of FFA released per hour on both a protein basis and a whole tissue per 100 g body wt basis.
RESULTS
Tissue lifioprotein Iipase. The enzyme assayed in postheparin plasma and acetone powders of various tissues showed the characteristic LPL response to the well-known LPL inhibitors, 1 M NaCl and protamine sulphate, and was concluded to be primarily LPL. Sodium fluoride did not produce any inhibition of activity. The levels of LPL observed in the various tissues of control animals can be found in Tables  l-3 . On expressing the activities on a protein basis, the level of activity of the enzyme in the various tissues falls in the order : .epididymal fat > heart > brown fat > liver > lung. When activity is expressed on a wholetissue basis, the order of activity is altered to: liver > epididymal fat > lung, heart > brown fat. An insignificant and variable amount of activity was found in skeletal muscle (gluteus maximus).
Efect of cold exposure on tissue @oprotein lipase active ties. Cold exposure markedly elevated posthcparin plasma LPL activity in both groups of animals (Table  1) . Maximal increase (48 %) occurred after 1 day with no further increase on cold acclimation.
Althou,gh omitted from the paper, similar increases in activity were found after 2 and 7 days of cold exposure. Activity in the heart was elevated about twofold by cold exposure (Table 2) . Once again, maximal change occurred after 1 day of exposure.
Lung tissue activity paralleled that in the heart after l-day exposure, but unfortunately, lungs from cold-acclimated rats were not assayed. Activity in the liver, on the other hand, showed no change during exposure of the rats to cold. Although variable levels in liver LPL activity of normal rats were observed from one experiment to another, lipolytic activities were comparable within any one group of experiments, and appropriate controls were always included. This variability in liver LPL may reflect variable inactivation of the LPL cofactor heparin by liver heparinase (17). Activities in epididyrnal and brown fat responded in opposite directions in the exposed groups (Table  3) . Enzyme activity in skeletal muscle showed no elevation in enzyme activity in any of the cold-exposed groups. As mentioned earlier, data for these activities have not been reported because of their insignificant and variable nature. Efect of triiodothyronine and nore@'nephrine. Administration of T3 in a dose sufficient to elevate the metabolic rate decreased the activity of LPL in epididymal and brown fat and increased the level in heart (Fig. 1) . Injection of norepinephrine resulted in a different pattern of activity from that of T3, increasing the activity in brown fat and heart ( Fig. 1) administration of insulin to the cold-exposed animal did partially counteract the changes observed in epididyrnal fat, brown fat, heart, and postheparin plasma. Insulin elevated activity in epididymal fat from cold-exposed rats and decreased that in brown fat, heart, and postheparin plasma.
DISCUSSION
The experiments reported in this study clearly show that cold exposure exerts a profound effect on LPL activity in a number of tissues. Activity in white adipose tissue decreases in cold-exposed animals, whereas in the same animals the activity in heart, brown fat, lung, and postheparin plasma is markedly elevated. Furthermore, the major changes in activities occur within 1 day of exposure and persist throughout acclimation.
A similar rapid change in heart LPL activity after only 3-l 2 hr of cold exposure has been reported by Grafnetter et al. (9) . The LPL activity of various tissues in the body has been correlated with changes in the uptake of TG fatty acids by the tissues under various physiological conditions (3, 8, 22, 23) leading to the proposal that the primary role of LPL is to regulate the removal and uptake of TG fatty acids from the bloodstream by extrahepatic tissues (22). The view has also been advanced that LPL may be irnportant in determining not only the rate, but also the pattern of uptake of TG from the blood. The distribution of LPL activity in the tissues of cold-exposed animals found in this study would indicate that the circulating triglycerides are redirected away from the white adipose tissue, thus decreasing fat deposition, and are shunted to the energy utilizing tissues. Although the activity of LPL in various tissues is elevated by cold exposure, this does not necessarily account for l n-c TISSUE LIPOPROTEIN LIPASE AND COLD EXPOSURE the decrease observed in the level of circulating VLDL observed in cold-exposed rats (18, 2 l), since a significant proportion of the LPL activity found in the body, i.e., that in the epididymal fat, is decreased by cold. Although not every tissue in the cold-exposed animal was examined for LPL activity, it is possible to carry out a partial summation of whole-tissue activities to assess whether a net increase in LPL activity occurs in the cold. Such a summation of the activities in epididymal fat, brown fat, heart, and lung shows a total net activity of approximately 77 units after 1 day of cold exposure vs. 46 units in the control animal, representing a 1.7-fold increase in activity in the cold. That a net increase in total LPL activity has occurred is supported by the observed increase in postheparin plasma LPL activity in cold-exposed animals, since this activity can be regarded as reflecting in general the total amount of available LPL in the body (22). It would appear, then, that the pathway for an accelerated uptake of VLDL exists in the cold-exposed animal and must account appreciably for the decreases observed in circulating VLDL. This accelerated uptake is supported by the increase in turnover rate rate of these lipoproteins (18). It is significant that the major degree of activation of the lipases in the tissues studied occurs during the initial exposure to cold and supports the concept (21) that the very low-density lipoproteins might represent a readily available energy source for the animal during the initial cold stress period.
The distribution of LPL activity in the cold-exposed rat parallels, in direction, the changes in activity of the same tissues found in fasted animals and, in part, activities in exercised animals.
In the fasted rat, heart and brown fat LPL activity increases while epididymal fat LPL activity declines (20) . D uring exercise (20) both epididymal fat and brown fat activity decrease while heart activity increases. It appears, therefore, that different conditions of negative caloric balance or increased caloric utilization are characterized by similar patterns of LPL activity in various tissues. The white adipose tissue which is the primary site of fat deposition shows a decrease in LPL activity while energy utilizing tissues, such as the heart and brown fat, are characterized by an elevation in LPL activity. in this study. Cold exposure is characterized by elevated catecholamine and thyroxin secretion (5) and by decreased blood insulin levels (2). Although Mallov and Cerra (15) have reported that catecholamines will increase heart LPL activity, Nikkila et al. (20) report no alterations in epididyma1 fat, brown fat, and heart LPL activity after the administration of epinephrine and norepinephrine. Alterations in thyroid status appear to produce reciprocal changes in LPL activity in epididymal fat and heart (14, 19), but its effects on LPL activity in brown fat are not known. The diabetic state does exert a profound reciprocal effect on LPL activity of adipose tissue and heart (12), and administration of insulin to diabetic animals reverses these changes and restores LPL activity to normal.
The effects of norepinephrine, triiodothyronine, and insulin have been reexamined in the present study. It is obvious from the present results that neither triiodothyronine nor norepinephrine completely duplicates the cold pattern observed in epididymal fat, brown fat, and heart. Triiodothyronine decreased activity in brown fat rather than increasing it, whereas norepinephrine had no effect on epididymal fat activity but did elevate activity in brown fat and heart. The effects of insulin, on the other hand, appeared to simulate, in a reciprocal manner, the changes induced by cold. Administration of insulin to cold-exposed animals partially reversed the changes that occur during cold exposure in all of the tissues studied. Plasma levels of insulin fall in fasted (4), exercised (25), and diabetic animals and reciprocal alterations in the activity of LPL in adipose tissue and heart, similar to those observed in cold-exposed animals, also occur ( 12, 20 
